Introduction
Primary percutaneous coronary intervention (pPCI) is currently the treatment of choice for patients presenting with ST-segment elevation myocardial infarction (STEMI). Fibrinolysis is a valuable alternative when mechanical reperfusion is not available in a timely fashion. However, the value of these therapies in very old patients, the fastest growing population group, is not well established because elderly patients have been either excluded or rarely enroled in reperfusion clinical trials. 1 -4 In fact, only two small randomized trials comparing pPCI and fibrinolysis in the elderly have been performed, with discordant results. 5 -7 We undertook the TRIANA (TRatamiento del Infarto Agudo de miocardio eN Ancianos) trial to compare the efficacy and safety of pPCI and fibrinolysis in very old STEMI patients. We hypothesized that mechanical reperfusion was superior to fibrinolysis to reduce the incidence of death, re-infarction, and disabling stroke at 30 days.
Methods
TRIANA was a randomized multicentre, open-label clinical trial, which included patients ≥75 years of age presenting with STEMI within the first 6 h after symptom onset at one of the participating centres (23 Spanish hospitals, all of them with cath lab facilities and an active primary angioplasty programme), who were eligible for fibrinolytic therapy and capable of providing informed consent prior to randomization. ST-segment elevation myocardial infarction was defined by the presence of chest pain lasting at least 20 min not responding to nitrates, plus one of the following: ST-segment elevation ≥2 mm in two or more electrocardiographic precordial leads or ST-elevation ≥1 mm in two or more frontal leads, or left bundle branch block. Exclusion criteria included any documented contraindication to the use of fibrinolytics according to the current European Society of Cardiology guidelines, 8 presence of cardiogenic shock at the time of randomization, an estimated door-to-balloon time .120 min; STEMI suspected as being caused by stent thrombosis, chronic renal failure (creatinine .2.5 mg/dL), expected life expectancy ,12 months, or participation in another clinical trial within 30 days prior to randomization. The study protocol was approved by all institutional Ethics Committees. Immediately after STEMI was diagnosed and inclusion/exclusion criteria confirmed, a written informed consent was obtained for each patient (an oral consent was accepted provided there was written consent of a witness related to the patient and independent from the study and enroling institution if the patient was unable to sign it). Consenting patients were randomized through a central telephone system, and allocated to the selected strategy.
Fibrinolysis group
Immediately after randomization, a weight-adjusted single intravenous dose of tenecteplase (TNK) was given ranging from 30 mg in patients ,60 kg to 50 mg in those weighting ≥90 kg. Simultaneously, a 60 units/kg bolus of unfractionated heparin was administered up to a maximum of 4000 units followed by an infusion of 12 units/kg/h (up to a maximum of 1000 units/h) with an initial adjustment to maintain an activated partial thromboplastin time 1.5 -2 times the upper normal limit. Based on the results of the COMMIT trial, 9 clopidogrel 75 mg daily without loading dose was added since January 2007. An electrocardiogram (ECG) was routinely performed 90 min after lytic administration, and urgent coronary angiography indicated if there were no signs of coronary reperfusion. The use of glycoprotein IIb/IIIa inhibitors was discouraged if rescue PCI was needed. After reperfusion, the use of coronary angiography was recommended only when there was evidence of spontaneous or induced recurrent myocardial ischaemia.
Primary percutaneous coronary intervention group
Patients were transferred to the cath lab as soon as possible. Both coronary arteries were visualized; left ventriculography was not performed routinely. Coronary angioplasty was performed at the investigator's discretion using any approved techniques and devices. Only the culprit vessel was targeted for pPCI. At the beginning of the procedure, a bolus of 60 units/kg of unfractionated heparin (with a maximum of 4000 units) was administered. Patients who received a stent were treated with clopidogrel, 300 mg loading dose given immediately before implantation, and 75 mg daily with a variable duration according to the type of stent. Use of glycoprotein IIb/IIIa inhibitors was discretionary. Concomitant medication such as aspirin, b-blockers, angiotensin-converting enzyme-inhibitors, statins, or others were given according to the guidelines. The primary endpoint of the study was the incidence of the combination of all-cause mortality, re-infarction, or disabling stroke at 30 days after randomization. Secondary endpoints were the incidences of major bleeding, recurrent ischaemia requiring urgent catheterization, allcause mortality, and cause of death at 30 days, and time elapsed until presentation of any component of the composite endpoint at 12 months.
Event adjudication and operational definitions
All major events were centrally adjudicated by an independent expert committee (Appendix 1) blinded to the treatment received by the patients, using standardized definitions (Appendix 2).
Statistical analysis
Continuous variables are summarized using medians and 25th-75th percentiles unless otherwise indicated; discrete variables are represented as frequencies and percentages. x 2 tests were used for comparisons between proportions with calculations of odds ratios (ORs) Figure 1 Chart flow of management in patients randomized to the TRIANA study. PCI, percutaneous coronary intervention. The sample size was estimated on the basis of the results of the TRIANA pilot registry, 10 with the following assumptions: 21.7% incidence of the primary endpoint in the fibrinolysis group and 12.9% in the pPCI group. At alpha-level 5% and beta-level 20%, with an expected 1% loss to follow-up rate, the sample size needed to show differences was calculated in 570 patients.
Pooled analysis
Additionally, we conducted a quantitative analysis combining our results with those of previous reperfusion trials performed in older patients by calculating ORs and 95% CIs for each trial. A x 2 analysis was used to assess heterogeneity. Because the latter was not significant, a fixed effects model was used. An overall OR with 95% CI was calculated, with studies weighted according to the Mantel -Haenszel method using a Review Managerw 4.2.7 software.
Results
Since March 2005, 266 patients with STEMI were randomized, 132 to pPCI and 134 to fibrinolysis. The study flowchart is shown in Figure 1 . The study was interrupted due to slow recruitment in December 2007. Baseline characteristics were well balanced between groups except for dyslipidaemia ( Table 1) . Age ranged from 75 to 94 years. Table 2 shows the information related to reperfusion therapies. Tenecteplase was administered in a median of 10 min after randomization and achieved a clinically successful reperfusion in 74% of patients. Rescue PCI was performed in 15% of cases. Among patients who underwent pPCI, baseline thrombolysis in myocardial infarction (TIMI) flow 0-1 was present in 78% of the available studies. A TIMI 3 flow was achieved after the procedure in 82.4% of the patients who underwent pPCI. Glycoprotein IIb/IIIa antagonists were used during reperfusion in 65 patients (49.6%), coronary stents in 111 (84%), and intra-aortic ballon pump in 6 (4.5%).
In-hospital management is shown in Table 3 . More patients in the pPCI arm received clopidogrel, heparin, and nitroglycerine. Coronary angiography was performed in 40% of the patients after fibrinolysis, 15% on an urgent basis, and non-primary PCI was performed in 37%.
The primary endpoint (30-day death, re-infarction, or disabling stroke) was achieved in 18.9% of the patients treated with pPCI when compared with 25.4% of the patients treated with fibrinolysis (OR, 0.69; 95% CI 0.38 -1.23). The incidence of each of the components of the primary endpoint and other outcomes is shown in Table 4 . Although not statistically significant, all-cause mortality, re-infarction, and stroke were directionally lower with pPCI. Importantly, there were only four strokes in the fibrinolysis group, all of them originally ischaemic. There were no significant differences in other complications such as major haemorrhage, blood transfusion, or renal failure. Primary PCI greatly reduced recurrent ischaemia needing urgent coronary angiography at 30 days. The outcomes for the composite endpoint and for mortality at 1 year are shown in Figure 2 . The efficacy of pPCI vs. fibrinolysis on the primary endpoint according to different pre-defined subgroups is shown in Figure 3 . Only 23 patients received reperfusion within the first 2 h from symptom onset, 18 with fibrinolysis, and 5 with pPCI. No deaths occurred in these patients at 30 days compared with 16.7% in those treated later (P ¼ 0.03). They also showed a lower incidence of the primary endpoint (4.3 vs. 23.8%, P ¼ 0.03), but the numerical difference in event rates in favour of pPCI over fibrinolysis remained unchanged.
The results of our study were pooled with those of the two previous randomized trials comparing fibrinolysis and pPCI in older One patient developed an ischaemic stroke after a coronary angiography on the seventh day of evolution, which converted to haemorrhagic stroke on the following day leading to death.
patients. 5 -7 Differences in baseline characteristics, designs, and results are shown in Appendix 3. The overall risk of death, re-infarction, or disabling stroke was substantially lower for patients allocated to pPCI compared with those treated with fibrinolysis (14.9 vs. 21.5%; OR, 0.64; 95% CI 0.45-0.91; P ¼ 0.013). The pooled rate of death showed a similar trend in favour of pPCI, but the difference was not statistically significant ( Figure 4) .
Discussion
We conducted a randomized trial comparing pPCI and fibrinolysis in a series of very old patients with STEMI. Unfortunately, the study had to be prematurely interrupted due to the slow recruitment rate and the impossibility to reach the target population. However, the study results are meaningful and may be clinically useful when combined with previous evidence.
Effects of reperfusion in the elderly
The use of fibrinolysis for the treatment of STEMI in the elderly has been controversial from the beginning. A first meta-analysis found that its effect on mortality was not superior to placebo in patients .75 years old. 11 A later reassessment of the same data including only properly selected patients indicated that the benefit in the oldest patients was actually greater than that for younger patients. 12 Finally, some observational studies suggested that fibrinolysis could be deleterious in very old patients with STEMI, 13, 14 whereas only patients treated with pPCI showed better 30-day survival compared with those who did not receive reperfusion therapy. 15 To date, only two randomized studies have specifically addressed the issue of pPCI vs. fibrinolysis in the elderly. In the Zwolle 5 study, the 46 patients allocated to pPCI showed a lower 2-year mortality rate compared with those treated with streptokinase (15 vs. 32%, P ¼ 0.04). The larger, yet unpublished, Senior PAMI trial, 6,7 which randomized 481 patients .70 years old failed to document differences between pPCI and fibrinolysis in the primary outcome (30-day mortality or stroke) or in mortality (Appendix 3). Moreover, a post-hoc analysis showed a nonsignificant trend towards a higher mortality rate in patients .80 years old allocated to pPCI (19 vs. 16%). 7 With this in mind, the present study was undertaken to further define the role of these strategies in a contemporary clinical setting with updated antithrombotic ancillary therapies.
Clinical outcomes
In this trial, pPCI was associated with a non-significant reduction in the composite endpoint of death, recurrent infarction, and disabling stroke after 30 days, with a similar direction in the estimates of the effect on each of the three individual components of the primary endpoint. Interestingly, pPCI was associated with a very substantial reduction in recurrent ischaemia, which remained significant throughout the follow-up. Although generally regarded as a soft endpoint, recurrent ischaemia was precisely defined in the present study as that requiring catheterization, and was externally adjudicated. It is remarkable that the small proportion of patients who underwent reperfusion within the first 2 h from symptom onset achieved excellent clinical results. The cost of fibrinolysis in terms of bleeding was low. Only four strokes occurred in this treatment arm and none of them were originally haemorrhagic. In addition, no differences in major bleeding or transfusion need between the two treatments could be demonstrated. Careful dosing and monitoring of antithrombotic and anticoagulant medications, including TNK, aspirin, clopidogrel, and heparin, probably accounted for it.
In keeping with contemporary practice, use of stents in this trial was higher (84%) than in representative studies (51% in the Zwolle series 5 ). In spite of that, TIMI 3 grade flow in TRIANA was comparatively lower (83% of those attempted vs. 90%). These differences might be due to either a more globally representative outcome in the present study, to the fact that even in angiographic core laboratories determinations of TIMI flow are often discrepant, or both.
Overall perspective after TRIANA
The observations using data from all prospective randomized trials performed in very old patients with STEMI provide good evidence that pPCI improves outcomes in this setting. Although the need for a large community-based multicentre confirmation trial still remains desirable, successful enrollment for such a study appears-as in previous attempts-very unlikely since most clinicians are strongly convinced of the superiority of pPCI. 4 
Study limitations
The study was halted prematurely before the planned enrollment could be met. This decision was taken by the executive committee owing to slow recruitment. As a result, the study is underpowered to properly test the primary endpoint. We used restrictive entry criteria, particularly concerning high blood pressure and prior history of stroke. This translated into a reduction in the number of potential candidates and a more selected population, but major concern about safety, particularly increased bleeding risk, dictated this policy. Also, the population enroled was quite fit, with a low prevalence of heart failure in the past and on admission, which may reduce the extrapolability of the results to broader populations. The present study was unblinded as comparisons between angioplasty and pharmacologic reperfusion therapy are by nature, and thus, suboptimal. However, patient treatments were blinded to the event adjudication committee. Better outcomes could have been obtained in both arms if faster reperfusion had been achieved, and current recommended coadjuvant therapies, such as abciximab or higher clopidogrel loading doses had been more frequently used in patients undergoing pPCI. However, that was not standard care in 2004 when the study was designed. Finally, rescue PCI, a procedure that could influence outcome, was only performed in 15% of the patients receiving fibrinolytic treatment, a rate probably low for today standards in Figure 4 Odd-ratios for mortality and the combined endpoint in the three randomized trials comparing primary percutaneous coronary intervention and fibrinolysis performed in very old patients with ST-segment elevation myocardial infarction. PCI, percutaneous coronary intervention.
younger people. As a reference, although the number of rescue PCIs performed in the Zwolle trial 5 and in Senior PAMI 7 was not stated, in the latter 37% of patients underwent in-hospital repeated catheterization, a proportion comparable with that in TRIANA.
Conclusions
Our results complement previous work suggesting that pPCI may offer clinical advantage over fibrinolytic therapy as manifested by the trends towards improvements in the combined endpoint of death, re-infarction, and stroke at 30 days in the oldest patients. In addition, we have observed that mechanical reperfusion encompasses a significant reduction in adjudicated recurrent ischaemia. Thus, pPCI seems to be the reperfusion strategy of choice also in very old patients presenting with STEMI. Since state-of-the-art fibrinolysis appears to be safe, it may be considered a valuable alternative when pPCI is not available, particularly when initiated early. Non-cerebral bleeding.
